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ABSTRACT 
Objective: Rural roads are characterised by hazardous roadsides and suboptimal geometry, yet allow for high 
travel speeds and unfavourable impact angles. In Victoria, 25% of persons seriously injured and 52% of 
fatalities occur on rural roads, with 30% occurring at intersections (Transport Accident Commision, 2016; 
Victorian Parliament Road Safety Committee 2002). In the USA, almost twice the number of traffic fatalities 
occur in rural areas than in urban areas, whilst accounting for less than half of all vehicle miles travelled and 
21% of the population (NHTSA 2002). The choice of safety countermeasure is therefore paramount. Simulation 
software provides a cost-effective means of analysing alternative intersection treatments with a view to 
identifying their effectiveness in mitigating crashes. The aim of this research was to assess the safety benefits of 
four alternative intersection treatments using in-depth crash data with an advanced crash reconstruction process. 
Method: Using a single serious injury real-world crash from the MUARC Enhanced Crash Investigation Study 
(ECIS, Fitzharris et al., 2015) and crash reconstruction software, an exemplar rural crash was reconstructed and 
validated against real-world data. The crash involved a passenger vehicle (EuroNCAP 5*) approaching from a 
minor road and failing to yield at a ‘give-way’ sign; the posted speed limit was 80 km/h. The vehicle was struck 
on the right/driver side by a rigid truck (B-vehicle; 1990) travelling on the major approach (100 km/h). The 
driver of the case vehicle was seriously injured. Four alternative intersection treatments appropriate for the crash 
site were constructed in CAD software (Rhinoceros V5): roundabout; rumble strips; a reduced speed limit and 
the combination of lower speed limit and rumbles to determine the reduction in crash forces in the presence of 
the countermeasures.  
Results: The hypothetical scenarios demonstrate substantial reductions in impact force and different points of 
impact, resulting in a significantly lower injury severity for the struck driver. Speed limit reduction to 80 km/h 
on the main approach (from 100 km/h) in combination with rumble strips on both intersection approaches had 
the most favorable outcome with the crash avoided entirely, assuming speed compliance. 
Discussion: The findings have implications for understanding the role of speed in crashes, and hence the design 
of effective countermeasures. Simulation software, validated using real-world data, provides a cost effective 
means of evaluating alternative intersection treatments for rural intersections. Scaled up, implementing these 
treatments would have significant safety benefits and reduce the road trauma currently associated with rural 
roads. 
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INTRODUCTION  
Intersections are particularly hazardous sections of road for vehicles to navigate. Vehicle trajectories cross at 
these sites exposing drivers to 32 potential conflict points at a typical four-legged intersection or nine potential 
conflict points at a three-legged intersection. In high-income countries intersection crashes are the location of 
the third most frequent source of road-trauma related death and serious injury, followed by head-on crashes and 
run off road crashes (World Road Association 2003).  Rural intersections are particularly dangerous as crashes 
at these sites typically result in a high level of injury as they frequently occur at high speeds and at unfavourable 
impact angles, where side impact crashes are common. 
Global statistics, including those from the USA and Europe show that intersection-related crashes with a fatal 
outcome represent approximately 20% of all traffic fatalities (Sunnevång et al. 2011). During 2015 in the USA, 
47% of all crashes (fatal, injury and property damage) recorded in Fatality Analysis Reporting System (FARS) 
and National Automotive Sampling System-General Estimates System (NASS-GES) were intersection-related 
crashes (NHTSA, 2015). Over 40% of these intersection crashes were at an unsignalised intersection. In human 
terms, this translates to 13,846 individuals killed at an intersection with 8,570 individuals (62%) traversing an 
unsignalised intersection (NHTSA 2015).  
The scenario is similar in Australia, where approximately one-third of all serious casualty crashes occur at 
intersections, whilst in Victoria approximately 45% of serious casualty crashes and 20-30% of fatalities occur at 
intersections (Candappa et al. 2015; Hoareau et al. 2011). The high financial cost associated with intersection 
crashes is well recognised. Using Australian fatality data, in the period 2001 to 2006, side impact crashes, 
including those occurring at intersections cost $AU 5.87 billion (Fitzharris and Stephan 2013). Fitzharris and 
Stephens (2013) also used UK Co-operative Crash Injury Study (CCIS) data to show that 88% of all side impact 
crashes were vehicle-to-vehicle impacts and the severity of injury was high. 
Rural intersections present a particular challenge to road safety agencies due to their high number across the 
road and frequently low traffic volumes. Controlled only by Stop or Give-Way signs, drivers at unsignalised 
intersections are given no objective indication of when it is safe to enter the intersection, other than requiring 
compliance with the traffic signal. The inherent danger of un-signalised intersections is further compounded by 
the complexities associated with the failure to assess the speed of major roadway vehicles and misjudgement of 
gap has been demonstrated to be one of the most common reasons for crashes at un-signalised intersections 
(Braitman et al. 2007; Choi 2010; Schepers et al. 2011; Stokes et al. 2000). This is accentuated for drivers 
unfamiliar with the specific environment. From a behavioural compliance perspective, a failure to yield to right 
of way traffic and distraction-related causes are the two most frequent violations implicated with poor decision 
making leading to crashes in these locations (Nitsche et al. 2017; Sandin 2009).  
The safety at an unsignalised intersection is also influenced by traffic volume (and speed of traffic) on the major 
road in addition to the presence of yield signs. Characteristics such as road geometry, the configuration of the 
intersection, number of right and/or left turn lanes, median type on the major road, and left and right shoulder 
widths have all been shown to influence crash risk (Haleem et al. 2010). Hence, intersection design can play a 
critical role not only in its conspicuity but also in influencing driver behaviour and actions.   
Given the above, it is of value to identify cost-effective countermeasures that can act to prevent intersection 
crashes or act to mitigate the severity of injury in the event crashes occur at these cross roads. Speed reduction 
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interventions that can be introduced at intersections are likely to have a positive influence on road safety and is 
reflective of safe system thinking.  Interventions may include physical realignment of the entire intersection, 
grade separation or other methods such as perceptual countermeasures and visual warning systems (Woolley et 
al. 2018). 
An example of an infrastructure design that promotes safety whilst ensuring high levels of mobility are 
roundabouts. Roundabouts are gaining popularity globally for their safety, capacity, and environmental benefits 
as a solution at unsignalised intersections (Sadeq and Sayed 2016; Woolley et al. 2018).  Studies by the IIHS 
and Federal Highway Administration have shown that roundabouts typically achieve a 37% reduction in overall 
collisions. Reductions as high as 90% for fatality collisions and 75% for injury crashes where stop signs or 
signals were previously used for traffic control have been reported (Washington State Department of Transport 
2018). These findings are consistent with evaluations of the installation of roundabouts in Australia, with 
research showing a 70% reduction in fatal and serious crash outcome when a roundabout (Bureau of Transport 
Economics, 2001) replaces sign-controlled intersections.  Similarly, in Victoria, roundabouts have been 
associated with a minimum 37% reduction in severe injury crashes and 60% reduction in fatality crashes, with 
higher reductions also observed at specific sites (Woolley et al. 2018). 
By altering vehicle trajectories, roundabouts induce a reduction in intersection entry speeds, and by extension, 
so too are impact speeds reduced; impact angles are also changed in the event of a collision. It is not however 
practical for all intersections to be redesigned and rebuilt. It is thus of value to assess a range of other 
countermeasures, including low cost measures, that could be applied to intersections and to assess their likely 
benefit. Combining in-depth data collection with innovative computer-based crash reconstruction methods 
provides a cost-effective way to achieve this goal. 
The use of crash simulation software and real-world crash data to reconstruct real-world crashes in order to 
study crash forces and occupant kinematics is well established (Franklyn et al. 2005; Menon et al. 2003; Peiris 
et al. 2015). Vehicle damage and crash severity estimates, vehicle trajectories, impact- and rest-positions, along 
with case narratives and police reports have previously been used to reconstruct crashes in software such HVE 
or PC-Crash to obtain outputs such as acceleration pulses and impact severity measures, such as delta-V (Gabler 
et al. 2003; Richardson et al. 2015; Simionescu and Preda 2016).  
With reference to crash reconstruction outputs (i.e., crash forces, delta-V and impact angles), the effectiveness 
of road layouts, infrastructure, and alternative intersection treatments can be quantified.  Once a crash is 
validated within the reconstruction software, road features can be varied to gain a better understanding of how 
the vehicles would behave to a given input or obstacle; that is, what would be the effect of a change in an input 
parameter on the crash severity metrics? This is the essence of applying an ‘alternative scenario’. 
Given the above, the aim of this study was to assess the likely impacts of three infrastructure countermeasures 
on crash severity metrics. Having first established a valid crash reconstruction for a high speed rural intersection 
crash, the influence of installation of a roundabout, a speed limit reduction, and the influence of rumble strips on 
the intersection approach on crash severity metrics was examined. The aim of this study is to examine the 
potential road safety benefits of three road infrastructure interventions on crash and injury risk at an exemplar 
un-signalised intersection using a novel application of crash reconstruction methods. 
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METHODS 
Study Data 
The Enhanced Crash Investigation Study (ECIS) is a large-scale retrospective case-control study conducted at 
the Monash University Accident Research Centre (MUARC) and was sponsored by the Victorian Transport 
Accident Commission (TAC). The ECIS seeks to document the causes and consequences of 400 serious injury 
crashes in Victoria. The goal of the study is to identify effective road safety countermeasures that are directly 
relevant to the crash problem observed. 
The reader is referred to Fitzharris et al., (2015) for a detailed outline of the ECIS data collection protocol. In 
brief, ECIS Research Nurses seek consent and participation from drivers or their next-of-kin when drivers are 
admitted following an injurious crash to one of two major trauma hospitals in Melbourne. Relevant medical 
data, ambulance notes and police reports are obtained. Injuries to the case driver are coded as per AIS 2005 by 
Research Nurses trained in the AIS system (AAAM 2005). Trained technical staff then inspect the crashed 
vehicle(s) and the crash scene, collecting vehicle damage measures, vehicle data, Event Data Recorder modules 
(when available), scene information and crash evidence. All evidence is used to perform crash reconstructions as 
well as establishing contributing factors for the occurrence of the crash.  
For the study here, one real-world serious injury crash that occurred at an un-signalised cross-intersection is 
used. 
Case study details 
The crash occurred at a rural un-signalised intersection approximately 300 km (186 miles) outside of Melbourne 
(capital city), Victoria (Australia).  
The crash occurred in mid-afternoon in clear conditions and involved a young female driver of a late-model 
light passenger vehicle that had a 5-star vehicle safety rating; two other passengers were present. 
The case vehicle was travelling on a secondary state arterial with a posted speed limit of 80 km/h.  The case 
driver failed to yield at a Give Way sign and was struck on the right (driver) side by a medium size rigid truck 
that was travelling on the principal carriageway (100 km/h speed limit). This can be seen in Figure 1. 
The case vehicle driver sustained an AIS 5 chest injury (tension pneumothorax), two AIS 3 chest injuries and 
several AIS 2 and AIS 1 injuries to the face, stomach, chest and head (AIS 2005).  The case vehicle driver held a 
(full, car) licence. A lack of familiarity with the intersection and poor intersection geometry were implicated 
with driver error. In addition to the case vehicle driver being admitted to a major trauma centre, both passenger 
occupants also required hospitalisation for injuries sustained. The non-case vehicle driver sustained minor 
injuries and did not require admission to hospital. This was the only recorded crash at this location in the period 
2012 – 2016. 
Insert Figure 1 here. 
Software and Reconstruction 
Using available inputs, a crash reconstruction was performed using the Simulation Model Non-Linear (SIMON) 
application within Human Vehicle Environment (HVE, V11.2). Vehicles which most closely represented the 
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real-world vehicles were chosen from HVE (since exact Australian makes and models were unavailable).  Once 
a representative vehicle was selected, parameters such as the drive axle location, driver location and vehicle 
weight were all adjusted to match the real-world vehicle. 
The crash site was generated in Rhinoceros V5 using Nearmap satellite imagery and imported into the HVE 
program with appropriate friction factors assigned (0.8 for the asphalt, 0.7 for the grass).   
Study Design 
Crash validation 
The case vehicle was represented by a ‘like’ vehicle while the rigid truck was represented by a rigid van with 
similar geometry and mass to the actual truck (1996-2006 GMC 15-Foot Box Van, 10,000kg). The selected 
vehicle was weight-matched to the truck involved in the crash. 
The case vehicle and B-vehicle driver input parameters (steering, throttle and brakes) were varied until the crash 
reconstruction was validated against the narrative and the vehicles’ rest positions (see Appendix 1, Figure 1 and 
Figure 2).  
No EDR data was available. The crash reconstruction suggested that the case vehicle driver was likely to have 
been travelling above the speed limit (initial speed 94.5 km/h, 2.38s prior to impact) and both drivers braked 
heavily pre-crash. The driver’s injuries are consistent with a high-speed side impact. In generating the 
reconstruction scenarios, it was assumed that the case vehicle driver would be compliant with the speeds and 
countermeasures.  
 
Modelled alternative scenarios: implementing three alternative infrastructure interventions 
Three speed reduction countermeasures were assessed and their effect in reducing impact forces were 
quantified. The combined effect of a lower speed limit plus rumble strips was also examined. These 
countermeasures were: 
1. Installation of a roundabout  
A hypothetical roundabout (7m diameter) was generated in Rhinoceros V5.0 and placed centrally in the original 
reconstruction of the crash site.  Vehicles speed were gradually decreased and steering inputs varied until the 
vehicles were able to navigate through the roundabout.  The crash was simulated at the highest speed at which 
the case and B-vehicle could navigate through the roundabout.  
2. Reduced speed limit from 100 km/h to 80 km/h on the principal road  
This requires acceptance of the assumption that if the posted speed limit was reduced from 100 km/h to 80 km/h 
then the trucks approach speed would be reduced by 20 km/h; that, vehicles would be speed limit compliant. 
Initial speed refers to the driver’s speed 2.38 s prior to impact. Test track data has shown that average reaction 
time is approximately 2.3 s from the point at which the driver begins to release the accelerator pedal up to the 
maximum brake application point (McGehee et al. 2000). It was assumed the B-vehicle driver was not 
cognitively impaired and was travelling at free-speed at 2.38 s pre-impact, and at the revised 80 km/h speed 
limit. 
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3. Installation of rumble strips on both approaches. 
Rumble strips were generated in Rhinoceros V5 and placed 200 m away from the intersection on both 
approaches. The use of rumble strips and driver reactions have not been validated using HVE previously. 
Therefore, an assumption was made that a 6.4 km/h speed reduction would be achieved in the presence of 
rumble strips placed 200 metres prior to the intersection (as per research by (Hore-Lacy 2008; Thompson et al. 
2006). Vehicle speeds were reduced accordingly at that point of commencement of the rumble strips. 
4. Combined 80 km/h (main road) plus rumble strips. 
An 80 km/h speed limit was applied to both approaches and it was assumed that rumble strips were placed 200 
m away from the intersection so a speed reduction of 6.4 km/h would be achieved.  The reconstruction was 
performed with the drivers approaching the intersection at speeds of 73.6 km/h (case vehicle) and 74.6 km/h 
(truck) respectively.  
RESULTS 
Travel speed and impact speed metrics 
The outcomes for the original crash and the four hypothetical scenarios are presented in Table 1 and Table 2 for 
the case vehicle driver and B-driver respectively. The original crash scenario reconstruction indicated an initial 
speed of 94.5 km/h and an impact speed of 57.3 km/h with the impact point being the driver side door. The B-
vehicle pre-crash travel speed was 101 km/h, the impact speed was 82.7 km/h and the impact point was the left 
front panel. 
Application of the alternative scenarios highlights pre-crash travel speed reductions, lower impact speed and an 
altered impact point. Figure 2 and Figure 3 highlight the difference in impact point to the case vehicle in the 
original crash compared to when a speed reduction is applied on the major road (Appendix 1, Figure 3-Figure 5 
presents the points of impact to the case vehicle and B-vehicle for the other alternative treatments).. The 
differences in impact speed, impact angle and impact point are important as they would more than likely result 
in lower injury severity (which was not explicitly assessed). While the reduction of the speed limit from 100 
km/h to 80 km/h plus the installation of rumble strips on all intersection approaches would result in lower 
speeds such that the impact was avoided, the installation of a roundabout resulted in the highest reduction in 
impact speed (-69.5%, B-vehicle), followed by a reduction in the speed limit alone (-39%, B-vehicle) and 
rumble strips alone (-6.3%, B-vehicle). In this case, B-vehicle speeds are noted as it acts as the bullet vehicle, 
but the case vehicle speeds are also reduced, resulting in a different location of impact and associated PDOF. In 
addition to the reductions in impact speed, this also translates to reductions in force and kinetic energy.  
On the point of differential impact location on the case vehicle, of note was the alternate crash outcome 
associated with the rumble strip only countermeasure option where the impact would be a frontal impact into 
side of truck, this being a more favorable impact (assuming no under-run) than a pure driver-side impact. 
Insert Table 1 here. 
Insert Table 2 here. 
Insert Figure 2 here. 
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Insert Figure 3 here. 
Kinetic Energy Measures 
The kinetic energy prior to the point of impact was derived for both vehicles (Table 3). Kinetic energy is a 
function of speed and therefore is proportional to the velocity at which the vehicles are travelling. It is therefore 
not surprising that the kinetic energy was lowest for both vehicles prior to impact at the roundabout, since the 
largest speed reduction was achieved by this countermeasure, noting however that the impact was avoided in the 
fourth scenario. 
Insert Table 3 here. 
DISCUSSION 
This study set out to examine the potential road safety benefits of three road infrastructure interventions on crash 
and injury risk at an exemplar un-signalised intersection using a novel application of crash reconstruction 
methods. This aim was motivated by the known high risk that these intersections pose and the need for effective 
countermeasures to mitigate crash and injury risk.  
In the original case, the case vehicle driver (age category 25-29 years; seat-belt worn) sustained critical right-
side chest injuries due to intrusion associated with a near-side truck impact. The driver also sustained fractured 
facial bones (moderate severity) and a minor head laceration due to contact with internal vehicle structures. The 
late model light passenger vehicle, rated as a 5-star EuroNCAP vehicle, was equipped with a side curtain airbag 
that deployed. The collision partner (rigid truck) was travelling at the posted speed limit and the driver braked 
beforehand. That the case vehicle driver sustained minor head injuries points to the effectiveness of the side 
curtain airbag, although the driver sustained multiple severe chest injuries. Given the high impact speed –hence 
high kinetic energy, and poor impact geometry, the injury outcomes to the chest and pelvis can be anticipated. 
As noted in the Introduction, it is precisely these types of impacts at uncontrolled high-speed intersections that 
are associated with a large number of deaths and serious injuries. The purpose of this research was to assess the 
likely effect of three alternative infrastructure changes, with a further combined intervention of lower speed 
limit plus site-specific rumble strips. Whilst assumptions are made about the speed reduction effectiveness of 
these measures and driver compliance, the findings demonstrate that each of the interventions resulted in 
sizeable reductions in impact speed, translating to lower kinetic energy from which injury is a product 
(Campbell 1974; Sobhani et al. 2011). 
Of the interventions assessed, the combined 20 km/h speed limit reduction (from 100 km/h to 80 km/h) plus 
rumble strips on all approaches resulted in the most optimal outcome, with the impact being avoided entirely. 
For scenarios where the impact occurred, the installation of the roundabout provided the highest impact and 
force reductions (B-vehicle impact speed: -69.5%; A/B vehicle force: -82%), followed by the reduced speed 
limit alone (B-vehicle impact speed: -39.2%; A/B vehicle force: -53%), and then the installation of rumble strips 
alone (B-vehicle impact speed: -12.9%; A/B vehicle force: -64%). We note the B-vehicle impact speed as it acts 
as the bullet vehicle, although the speed at which the case vehicle is travelling pre-crash and at impact is also 
reduced. The kinetic energy of the crash is reduced significantly and is reflective of the same order of 
interventions. 
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The results of the hypothetical scenarios demonstrate substantial reductions in impact force and different points 
of impact, noting assumptions are made about the adherence of drivers to the scenarios. These reductions can be 
expected to translate to significantly lower injury severity for the driver. Translation of these revised force 
values into the probability of injury is an important next step in this research, as is the monetisation of the 
benefits to the community. 
While only a single case study is examined here, the findings are a powerful way to examine the benefits of 
three infrastructure interventions. The crash, the only one in this location in the 5-year period (2012-2016), 
represents an ‘index case’ for how ‘like’ crashes can be either eliminated or the injury severity mitigated.  
Based on these findings, intersection designs that require drivers to reduce speed are likely to bring significant 
road safety benefits. We note that subject to community acceptance, a localised reduction in the speed limit 
represents the single most cost-effective intervention of those examined here, with added benefit from the 
addition of rumble strips to the point that the collision studied would likely be avoided entirely. Rumble strips 
alone was also seen to bring road safety benefits albeit lower than the other interventions examined. Whilst 
roundabouts are shown to be associated with the highest reduction in kinetic energy given that an impact occurs, 
they do represent a more expensive approach than a reduction in the speed limit alone.  
In presenting these findings we appreciate that while blanket speed reductions across road networks can be 
difficult to implement. Hence, reducing travel speeds on approach to intersections by using Rural Intersection 
Active Warning Systems (RIAWS) is likely to have significant safety gains (Mackie et al. 2015) and are more 
likely to be acceptable to the community as location-based risk can be directly acknowledged by drivers. Whilst 
not examined, the installation of a 2-way or 4-way stop sign in place of a ‘give-way’ sign offers a further 
alternative.  
Translation of the findings here into practice requires an understanding of the broader crash problem as well as 
site specific considerations. However, following best practice safe system principles, route-based treatments are 
preferable to a single site treatment approach. Analysis of crash data indicated that in the same period there were 
190 crashes where a vehicle entered a 100 km/h or 110 km/h highway or freeway in the same manner as the case 
reported here, resulting in 11 deaths and 139 persons hospitalised, with the cost of these injuries using standard 
estimates (Fitzharris & Stephan, 2013) being $AUD 313.4 million, at an average cost per crash being $AUD 
1.649 million. These crashes occurred on 24 (100 km/h) and 6 (110 km/h) rural routes. It is likely that there are 
many other ‘like’ intersections where crashes have either not occurred, or have but fall outside of the 5-year 
period. Indeed, extending the crash period from 2006 to 2016 increases the number of ‘like’ crashes to 568 at an 
economic cost of $AUD 741.8 million.   
While not all rural intersections may warrant high-cost countermeasures such as roundabouts, our findings 
highlight the crash and injury reduction benefits of low cost interventions including localised speed limit 
reductions, substitution of traffic signs and perceptual countermeasures. Given the nature of the crash problem 
described above, the judicious use of appropriate treatments along routes is likely to be cost-effective. We do 
however acknowledge that a comprehensive route-based analysis needs to be undertaken to ensure appropriate 
decisions are made. 
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In sum, this study provides important findings regarding the likely effectiveness of infrastructure interventions, 
that when applied locally and across the road network, would be expected to bring considerable benefit by 
reducing lives lost and avoiding serious injuries in these road locations. In addition this study also demonstrates 
the value of real-world crash data and crash reconstruction methods in evaluating the likely benefits of 
alternative intersection designs. Further work ought to be undertaken using a wider range of crash environments 
and road safety countermeasures. 
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FIGURES  
 
Figure 1. A schematic of the crash and post-impact vehicle locations (case vehicle: green; B-vehicle: 
red)  
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Figure 2. Simulation still showing the point of impact between the case vehicle (red) and B-vehicle 
(truck) from the original crash reconstruction. 
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Figure 3. Simulation still showing point of impact between the case vehicle (red) and B-vehicle (truck) 
when the major approach is signed at 80km/h. 
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TABLES 
Table 1. Case vehicle specifics - Simulated crash outcomes with alternative intersection designs (percent change 
from original scenario) 
Scenario Initial 
velocity 
(km/h) 
Impact 
velocity 
(km/h) 
Delta-V 
(km/h) 
Impact 
point 
PDOF (°) Force                 
(N) 
Original crash 
(Case study, 
validated) 
94.5  
 
57.3 
 
101.2 Driver-side 
door 
71.7 597,808 
Roundabout 54 
(-42.8%) 
44.4 
(-22.5%) 
19.1 
(-81.1%) 
Right B-
pillar/RHS 
Rear 
Passenger 
door 
51.3 104,255 
(-82.5%) 
Reduced speed 
limit main 
road 
80 
(-15.3%) 
45.3 
(-20.9%) 
53.7 
(-46.9%) 
Right front 
panel/front 
tyre 
45.8 281,257 
(-52.9%) 
Rumble strips  88.1 
(-6.7%) 
41.3 
(-27.9%) 
54.1 
(-46.5%) 
Frontal 
impact 
40 215,659 
(-63.9%) 
Reduced speed 
limit main 
road plus 
rumble strips 
73.6 
(-22.1%) 
Impact 
avoided 
Impact 
avoided 
Impact 
avoided 
Impact 
avoided 
 
Impact 
avoided 
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Table 2. B-vehicle specifics - Simulated crash outcomes with alternative intersection designs (percent change 
from original scenario shown) 
Scenario Initial 
velocity 
(km/h) 
Impact 
velocity 
(km/h) 
Delta-V 
(km/h) 
Impact 
point 
PDOF (°) Force                 
(N) 
Original 
crash (Case 
study, 
validated) 
101 82.7 14.6 Left front 
panel 
-40.6 597,820 
Roundabout 66 
(-34.6%) 
25.2 
(-69.5%) 
3.1 
(-78.7%) 
Left-Centre 
front panel 
-63.6 104,255 
(-82.5%) 
Reduced 
speed limit 
main road 
81 
(-19.8%) 
50.3 
(-39.2%) 
9.5 
(-34.9%) 
Left corner 
front panel 
-56.5 281,261 
(-52.9%) 
Rumble 
strips  
94.6 
(-6.3%) 
72 
(-12.9%) 
7.2 
(-50.6%) 
Left 
‘passenger 
door’ 
-60.1 215,659 
(-63.9%) 
Reduced 
speed limit 
main road 
plus rumble 
strips 
74.6 
(-26.1%) 
Impact 
avoided 
Impact 
avoided 
Impact 
avoided 
Impact 
avoided 
Impact 
avoided 
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Table 3. The kinetic energy of each vehicle prior to impact (percent change from original scenario shown) 
Scenario Kinetic Energy Pre-Impact                
Case vehicle 
Kinetic Energy Pre-impact                  
B-vehicle 
Original crash (Case study, 
validated) 
134,798 2,653,393 
Roundabout 541  
(-99.59%) 
32,619 
(-98.8%) 
Reduced speed limit main road 82,803 
(-38.6%) 
1,003,532 
(-62.2%) 
Rumble strips  72,262 
(-46.2%) 
2,028,352 
(-23.5%) 
Reduced speed limit main road 
plus rumble strips 
NA – impact avoided NA – impact avoided 
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APPENDIX 1 
                                                                                         
Figure 1 The final rest position of the case and B-Vehicle as noted by police 
 
Figure 2. The final rest position of the case and B-vehicle in HVE 
 
 
   
Figure 3. Simulation still showing the point of impact between the case vehicle (red) and B-vehicle 
(truck) following the installation of a roundabout. 
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Figure 4. Simulation still showing the point of impact between the case vehicle (red) and B-vehicle 
(truck) with rumble strips installed 200 m before the intersection on both approaches. 
  
Figure 5. Simulation still showing that the impact between the case vehicle (red) and B-vehicle (truck) 
is avoided when the installation of rumble strips is accompanied by a speed reduction on the major 
approach. 
 
